There are several classical approaches to a study of the relationship between a genetic factor and diseases in man; the commonest is the familial one in which the pedigree of a disease is established. This approach has little value when we are considering dental caries because of the uncertainty of assessing equivalent conditions between ancestors and offspring and between sibs. Two other approaches are used in trying to link genetics and diseasethese are the twin study and the genetic marker study; both have been used in an attempt to link genetics and dental caries.
There are several classical approaches to a study of the relationship between a genetic factor and diseases in man; the commonest is the familial one in which the pedigree of a disease is established. This approach has little value when we are considering dental caries because of the uncertainty of assessing equivalent conditions between ancestors and offspring and between sibs. Two other approaches are used in trying to link genetics and diseasethese are the twin study and the genetic marker study; both have been used in an attempt to link genetics and dental caries. Bachrach & Young (1927) and Mansbridge (1959) concluded from twin studies that genetic factors play only a minor role in the etiology of dental caries. On the other hand Horowitz et al. (1958) and Goodman et al. (1959) came to a completely opposite conclusion. Chung et al. (1964) used phenylthiocarbamide (PTC) as a genetic marker and found PTC tasters to have less caries experience in the deciduous teeth than had nontasters. The evidence of a genetic link was not conclusive because of the possibility that nontasters were exposed more frequently to a cariogenic diet. Thus, both the twin study and the genetic marker type of study have not consistently incriminated genes as major factors in the oetiology of dental caries.
There is another approach to this problem: this is the study of the pattern of caries attack in populations of individuals and in populations of teeth. This is one of the approaches which I have made and one which I now wish to describe. It will be demonstrated that certain features of attack in permanent maxillary incisors strongly suggest that genetic factors have an overriding influence on the siting and timing of caries attack. There will be two prongs to the argument which I shall put forward, developing from two major findings. The first finding is the existence of sites which are completely resistant to dental caries; the second is an inverse relationship between caries attack in the lingual pit of lateral incisors and caries attack in proximal surfaces of all the maxillary incisors within the same mouth.
The Source of Clinical Material There were three sources of clinical material: the first was a group of 2,310 12-year-old children; the second was a group of 2,098 18to 19-yearold undergraduate freshmen who entered Leeds University in the years 1959 to 1961 (overseas students were excluded); the third consisted of all patient records from five general practitionersthis extended the age coverage to 54 years. The total number of individuals screened was approximately 20,000.
Objectives
The reasoning behind the analyses of the anatomical site distribution of dental caries was as follows: pairs of adjacent surfaces share a common environment and hence any discrepancy between the timing of attacks on the two surfaces would reflect differences in caries resistance; the mesial and distal surfaces of a tooth do not share the same immediate environment and hence it is important to compare the anatomical pattern of caries attack on mesial and distal surfaces of the same tooth with that for adjacent sites.
During the course of analysis it became evident that caries experience in the lingual pit of a lateral incisor was associated with a relatively low prevalence of caries experience on mesial and distal surfaces of all the maxillary incisors. Consequently this relationship was studied in detail.
The evidence to be presented concerns attack on (1) adjacent surfaces, (2) mesial and distal surfaces of central incisors, (3) lingual pits of lateral incisors and (4) the relationship of (3) to attack on the mesial and distal surfaces of all maxillary incisor teeth.
General Considerations
For ease of presentation the sites on maxillary incisors will be referred to as Lat(d), Lat(pit), Lat(m), Ce(d) and Ce(m) where Lat means lateral incisor, Ce means central incisor; (d) and (m) denote distal and mesial surfaces respectively. There are three pairs of adjacent surfaces: right Lat(m) -Ce(d); right Ce(m) -left Ce(m); and left Ce(d) -Lat (m).
The Pattern ofAttack on Adjacent Surfaces Let us first consider the pattern of attack on mesial surfaces of the two central incisors. At the age of 12 years the group prevalence of attack on right Ce(m) is the same as that on left Ce(m) and this equality appears to be constant throughout life. We can conclude, therefore, that in a group sense, each surface, whether it be right or left, has an equal chance of being attacked.
It will be realized that, because of the continuous loss of teeth associated with increasing age it is virtually impossible to ascertain the true agespecific prevalence of attack on each of these tooth surfaces. We do know, however, that the age-specific prevalence of attack on maxillary incisor teeth irrespective of site follows a smooth (Jackson 1961) which reaches a plateau at about 35 years. It is almost certain that the age-specific prevalence of attack on each of these two surfaces, i.e. right Ce(m), and left Ce(m) follows a similar pattern. Because of this the age-specific prevalence on both Ce(m) surfaces combined would be the same. From what has been stated so far, and from the knowledge that each member of a pair of Ce(m) surfaces shares a common environment, it would be reasonable to expect that if caries occurred on one Ce(m) surface it would be accompanied by attack on the other surface either immediately or after a short interval of time. We do know, however, that at 12 years, although the prevalence of attack on right Ce(m) is the same as that on left Ce(m), not all attacks occur simultaneously. In fact there are more single attacks (i.e. attacks on only one member of the pair of surfaces) than there are double attacks (i.e. attacks on both members of the pair of surfaces). The ratio of single to double attacks at age 12 is 1 17: 1.
It is convenient to consider at this stage the concept of a 'first attack', that is, the first attack to occur on either of the two surfaces. The agespecific prevalence of a first attack would follow the same type of curve as that I have described for Ce(m) surfaces singly or combined. The expectation is that the age-specific prevalence of a second attack would follow the same curve as that for a first attack except that it would be shifted by an average interval of time (Fig 1) . If this mathematical model describes the pattern of attacks on Ce(m) surfaces then it is quite clear that the single/ double ratios would systematically and rapidly fall to zero with increasing age (Fig 2) . This is so because the number of first attacks minus the number of second attacks gives the number of single attacks. Now surfaces when both are present; when one or both surfaces are absent we have to exclude them from our analysis. In effect this means that we can only observe the pattern of attack in those individuals where both surtaces have been adjacent together up to that point in time. When we do this we find that the single/double ratio freezes from about 18 years onwards to a level of approximately 0-8: 1 (Fig 3) . This seems to suggest that the pattern of caries attack on Ce(m) sui faces is or would be the same in those which are missing or which for other reasons cannot be included. The alternative explanation is that there is in operation some extraordinary balancing and selective mechanism which guarantees a stabilized single/double ratio in those surfaces which remain. The simpler explanation is the former and, if valid, it implies that the pattern of attack is an all-pervading pattern which is not disturbed by loss of teeth.
If this is so, then the presumed mathematical model describing first and second attacks cannot be correct. Second attacks must level off at a prevalence value which is almost half that of first attacks (Fig 4) . This means that when an attack occurs on one Ce(m) surface it is unlikely to be accompanied by attack on the remaining surface in more than approximately 45 % of instances.
In the right Lat(m) -Ce(d) pair of surfaces the single/double ratio stabilizes from 20 years onwards at a level of approximately 1 -1 (Fig 5) . We find exactly the same situation for the left Ce(d) -Lat(m) pair of surfaces in which the single/double ratio stabilizes at approximately 1 : I (Fig 6) . Again, when caries occurs on either Lat(m) or Ce(d), it is unlikely to be accompanied by caries on its neighbouring surfaces in more than 50% of instances.
It may be thought that a restoration placed on one surface may alter the environment of and hence influence attack on the remaining surface, but I doubt if this offers any explanation of these observations for reasons which will eventually become apparent. Unilateral and Bilateral Attacks on Central Incisors The prevalence of attack on Ce(d) is effectively the same as that on Ce(m) and it might be expected that the ratio of unilateral attacks, i.e. attacks on one surface only, to bilateral attacks, i.e. attacks on both Ce(d) and Ce(m) surfaces, would continuously and rapidly fall to zero. This is not so. On both the right and left central incisors the ratio of unilateral and bilateral attacks stabilizes from 20 years onwards at a level of approximately 2-5: 1 (Figs 7 and 8) . This ratio can be interpreted as meaning that when an attack occurs on one surface, i.e. either Ce(d) or Ce(m), it is unlikely to be accompanied by attack on the other surface in more than 70 % of instances.
Symmetrical and Asymmetrical Attack in Lat(pit)
Caries attack in the lingual pit of a lateral incisor has considerable significance. The prevalence of attack on the right hand site is effectively the same as that on the left hand site but the ratio of asymmetrical attacks (i.e. attacks on one site only, right or left) to symmetrical attacks (i.e. attacks on both right and left sites) stabilizes at 20 years to a level of approximately 2: 1 (Fig 9) . Similarly it can be stated that if an attack occurs on one site (i.e. right or left) it is unlikely to be accompanied by attack on the other in more than 66 % of instances.
The Significance ofLat (pit) Caries There are many interesting features associated with caries experience in Lat(pit). It was noticed in 12-year-olds, for example, that of all those children with maxillary incisor caries, there was less proximal caries in those with Lat(pit) caries. This observation made me wonder whether those individuals with caries experience in Lat(pit) constituted a specific phenotype. We had considerable data of caries experience in undergraduate freshmen and these data were subjected to detailed analysis. The first analysis was made in order to determine the proportion of individuals who had caries experience of any kind (i.e. DMF teeth) in maxillary incisors. There was no significant sex difference and hence data from both sexes were combined.
In the years 1959, 1960 and 1961, the percentage of individuals with caries experience (i.e. DMF teeth) in maxillary incisors was 49%, 480% and 49 % respectively. The remarkable regularity of these values obtained from individuals from all parts of the UK strongly suggests a community characteristic which has a genetic basis.
From the population of those who had caries experience in maxillary incisors, data from those in a subpopulation who had caries experience in one or both Lat(pits) were abstracted. In order to be certain that an individual belonged to this special category it was necessary to establish two criteria and these were: (1) That both lateral incisors had to be present. (2) That one or both had to possess caries experience in Lat(pit). Those who satisfied these criteria were placed into Group L. In order to establish another group in which caries experience in Lat(pit) did not exist, two further criteria were established: both lateral incisors had to be present in which neither Lat(pit) had caries experience. Those satisfying these criteria were placed into Group M. There was a residuum of individuals who satisfied none of these criteria and these were placed in Group N.
There is a remarkable regularity in the community distributions of the Groups L, M and N. In the years 1959, 1960 and 1961 the percentage of individuals in each group was: Group L, 280%, 230% and 250%; Group M, 560%, 59%, and 61 %; and Group N, 15 %; 18o% and 140% respectively.
Once again the regularity of these distributions points to a mechanism which has a decided control over the pattern of maxillary incisor caries.
Let us now consider the distribution of caries experience (D or F) (D to Groups L and M. This analysis could not readily be made on those in Group N because by the process of selection they possessed a high number (63 9%) of extracted teeth. In Group L the percentage of proximal sites with caries experience was 17-2% and in Group M it was 33-6%. Thus, caries experience on proximal sites was about twice as high in Group M as it was in Group L. This ratio of almost 2: 1 is effectively the same when we consider each individual site. The regularity of the difference between Groups L and M strongly indicates a definite mechanism controlling the distribution of caries attack in each of these two groups. I suggest that the controlling mechanism is a genetic one, and that individuals in a group that is genetically predisposed to Lat(pit) caries are less likely to develop mesial and distal surface caries than are individuals in the general population. In other words, there is a measure of negative association between pit caries on the one hand, and mesial and distal surfaces on the other. Predisposition to dental caries is evidently complex and polygenic.
Discussion
In 1965, there was held in London a Ciba Foundation Symposium on 'Caries-resistant Teeth' (Wolstenholme & O'Connor 1965) . In the opening paper, Professor G N Davies of Brisbane gave a schema for the multifactorial oetiology of dental caries: in this schema genetic factors were indicated as influencing the morphology and microstructure of teeth and these in turn were expected to affect the susceptibility of teeth to caries attack. The problem confronting the whole of the Symposium was as follows: if there is an almost infinite and continuous spectrum of microstructure and if this microstructure is related to susceptibility to caries attack then we might expect there to be a wide spectrum of susceptibility. This would mean that, if a completely caries-resistant tooth did exist, then it would be extremely rare. Many participants at the conference subscribed to this view. The evidence which I have presented indicates that completely caries-resistant sites exist in substantial numbers and that they are systematically distributed within teeth, between adjacent surfaces and between right-left homologous sites. In essence this means that there are two categories of sitesone in which sites are susceptible and one in which sites are completely resistant. In the 'susceptible' category it is easy to conceive that sites could possess a wide range of microstructure reflecting a wide range of relative susceptibility and this, theoretically at least, could contribute to the timing of attack. The concept of a completely resistant site, however, does not readily fit in with orthodox ideas of caries etiology. One has (1) to reject the evidence I have given or (2) to reject the argument I have made or (3) to reject the evidence and the argument or (4) to reconsider the orthodox theory of caries etiology. I do not wish to enter into the polemics of theories of caries etiology but it seems quite clear that newer thinking must include the postulate that, for any given exogenous cariogenic environment, genetic factors have an overriding influence on caries attack at least for maxillary incisors. The systematic distribution of caries attack, the freezing of the ratio of single to double attacks on adjacent surfaces and of the ratio of asymmetrical to symmetrical attacks on Lat(pit), together with the inverse relationship between Lat(pit) caries and proximal caries on all maxillary incisors, tend to suggest that this postulate is true.
The lines along which we have been thinking have been described elsewhere (Burch & Jackson 1966 , Burch 1966 . From a consideration of the age distribution of dental caries by tooth type, we have proposed that the endogenous contribution to dental caries is spontaneous disturbed-tolerance autoimmune in character, and that it arises from spontaneous somatic mutations in growthcontrol stem cells. According to autoimmune theory (Burnet & Holmes 1965 , Burch & Burwell 1965 predisposition to disturbed-tolerance autoimmunity is genetically determined. It follows (Burch 1966 ) that the anatomical site specificity of an autoimmune attack should also be genetically determined. The present findings are consistent with this theory.
